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Description 

The present invention relates to a multilayered polymeric body, which reflects light and which can be fabricated to 
have a silvery or hued (i.e., copper, gold, etc.) metallic or nonconventional hued (i.e., blue, green, etc.) appearance, 
5 and to articles produced therefrom which may find use as min^ors, reflectors, lenses and polarizers. 

Conventional methods for fabricating reflective surfaces include fonning such surfaces of highly polished metals. 
Because of the high costs and fabricating problems involved in using metals, more recently fabricators have used 
plastic surfaces which contain thin coatings of metal thereon. Thus, metal coated plastic articles are now commonly 
found as both decorative and functional items in a number of industries. Such articles are used as bright work for 
10 consumer appliances such as refrigerators, dishwashers, washers, dryers and radios. These types of articles are also 
used by the automotive industry as head lamp reflectors, bezels, radio knobs and automotive trim. 

Typically, such metal coated plastic articles are formed by electroplating or by the vacuum, vapor, or chemical 
deposition of a thin metal layer on the surface of the article. Such coatings are subject to the chipping and flaking of 
the metal coatings as well as corrosion of the metal over time. If additional protective layers must be applied over the 
'5 metal coating to protect it, additional labor and materials costs are involved. Further, there may be environmental 
disposal problems with some metal deposition processes. 

Multilayer articles of polymers are known, as are methods and apparatuses for making such articles. For example, 
such multilayered articles may be prepared utilizing multilayer coextrusion devices as described in US-A-3,773,882 
and US-A-3,884,606. Such devices are capable of simultaneously extruding diverse thermoplastic polymeric materials 
20 in substantially uniform layer thicknesses. The number of layers may be multiplied by the use of a device as described 
in US-A-3,759,647. 

Im et al, US-A-4, 540,623, teaches a multilayer laminated article which includes a polycarbonate as one of the 
alternating layers. The articles of !m, however, are intended to be transparent rather than reflective and to exhibit optical 
properties comparable to a pure polycarbonate polymer 

2s Alf rey, Jr. et al, US-A-3,71 1,1 76, teaches a multilayered highly reflective thermoplastic body fabricated using thin 

film techniques. That is, the reflective thin film layers of Alfrey, Jr. relied on the constructive interference of light to 
produce reflected visible, ultraviolet, or infrared portions of the electromagnetic spectrum. Such reflective thin films 
have found use in decorative items because of the iridescent reflective qualities of the film. 

However, the films of Alfrey Jr. are extremely sensitive to thickness changes, and it is characteristic of such films 

30 to exhibit streaks and spots of nonunifonn color Further, color reflected by such films is dependent on the angle of 
incidence of light impinging on the film. Thus, such films are not practical for uses which require uniformity of reflectivity 
Moreover, such films are not practical to thermoform into articles as localized thinning of the layers during thermoforming 
causes alterations in the reflective characteristics of the films. 

Accordingly, there remains a need in the art for a polymeric reflective sheet or body which can be fabricated into 

35 a variety of parts without alteration of the uniform reflective appearance of the material over a range of processing 
conditions and part geometry. Further, there is a need for a reflective polymeric sheet or body which can be post formed 
without alteration of the uniform reflective appearance of the material. Still further, there is a need for silvery or metallic 
appearing articles which do not use metal. 

The present invention meets those needs by providing a multilayered polymeric reflective body which is post form- 

40 able and capable of being fabricated into films, sheets, and a variety of parts while maintaining a uniform highly reflective 
appearance. The reflective body comprises alternating layers of diverse polymeric materials which differ in refractive 
index and which are either optically thick or optically very thin. While the alternating layers must differ in refractive 
index, the optically thick and optically very thin layers can be arranged in any order That is, the reflective body may 
be comprised of all optically thick layers, or alternating optically thick and optically very thin layers, or any other com- 

4S bination of optically thick and optically very thin layers. The optically thick layers are too thick to cause visible iridescent 
effects (visually perceived as a variety of colors), while the optically very thin layers are too thin to cause such effects. 
The resulting multilayered polymeric body reflects substantially white light and exhibits a silvery, metallic appearance. 

The terms "reflective", "reflectivity", "reflection", and "reflectance" as used herein refer to total reflectance (i.e., 
ratio of reflected wave energy to incident wave energy) sufficiently specular in nature such that the polymeric body has 

50 a metallic appearance. The use of these terms is intended to encompass semi-specular or diffuse reflection such as 
that of brushed metal and pewter. In general, reflectance measurement refers to reflectance of light rays into an emer- 
gent cone with a vertex angle of 15 degrees centered around the specular angle. 

A specific intensity of reflectance, when used herein, is the intensity of reflection which occurs at a wavelength 
where negligible absorption occurs. For example, a silver appearing article reflects substantially all visible wavelengths, 

55 whereas the introduction of a dye to achieve other metallic hues will necessarily lower reflectivity of the body at the 
absorbing wavelengths. Wavelengths unaffected by the dye will be reflected at essentially the same intensity as a non- 
dyed sample, and it is at these unaffected wavelengths to which the intensity of reflection is referring. 

According to the present invention, there is provided a reflective polymeric body of at least first and second diverse 
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polymeric materiais and having a plurality of alternating layers of said first and second polymeric materials differing 
from each other in refractive index by at least 0.03, characterized in that at least 75 percent of the individual layers of 
said body have an optical thickness which is either not more than 0.09 micrometers or not less than 0.45 micrometers, 
with at least one of the individual layers having an optical thickness not less than 0.45 micrometers, and the number 
s of said alternating layers is such that substantially no visible iridescence can be perceived in the light reflected by the 
body. 

A number of substantially transparent polymers are suitable for use in the present invention. In a preferred em- 
bodiment of the invention, the first polymeric material is polycarbonate or rigid or flexible polyurethane and the second 
polymeric material is polymethyl methacrylate or polyether amide. The polymeric body may also comprise three or 

10 more alternating layers of diverse polymeric materials. In one embodiment using a three layer pattern of repeating 
units ABCBA, the first (A) polymeric material is polystyrene, the second (B) material is a styrenehydroxy ethylacrylate 
copolymer, and the third (C) polymeric material is polymethyl methacrylate. Alternatively, the first and third materials 
may be the same, and the second (B) material may be a copolymer of styrene and methyl-methacrylate. 

For some three layer combinations, the B layer may not only contribute to the reflective properties of the body but 

IS may also act as an adhesive layer to bond the A and C layers in the multilayer body It is not necessary that the refractive 
index mismatch of the B layer with the other two layers be at least 0.03. For example, the refractive Index of the polymer 
making up the B layer may be intermediate that of the A and C layers. 

Other three layer repeating patterns are also possible. For example, an ABCABC repeating pattern may be used 
where the polymer making up the third polymer layer may be placed in the multilayer body as a barrier layer or tough- 

20 ening layer When the third polymer layer is a barrier layer, it may be present as a single layer on one or both exterior 
surfaces of the body or as an interior layer For example, suitable barrier layer materials such as hydrolyzed ethylene 
vinyl acetate, copolymers of polyvinylidene chloride, nitrile polymers, and nylons may be used in or on the multilayer 
body. Suitable adhesive materials such as maleic anhydride grafted polyolefins may be used to bond such barrier layer 
materials to the multilayer body. 

2S Also, the third polymer layer may be found as a surface or skin layer on one or both major exterior surfaces for an 

ABABAB repeating body or as an interior layer The skin layer may be sacrificial, or may be permanent and serve as 
a scratch resistant or weatherable protective layer. Further, such skin layers may be post applied to the body after 
coextrusion. For example, a skin layer may be applied as a sprayed on coating which would act to level the surface of 
the body to improve optical properties and impart scratch resistance, chemical resistance and/or weatherability The 

30 skin layer may also be laminated to the multilayered body. Lamination is desirable for those polymers which are not 
readily coextrudable. 

In one embodiment of the invention, the polymeric body is coextruded and every other layer in the two layer 
ABABAB repeating body is a thick optical layer of 0.45 micrometers or greater while the other layer is a very thin optical 
layer of 0.09 micrometers or less. For a polymeric body having ABCBA repeating layers, any or ail of the three layers 

35 may be thick, with the other layers being very thin optical layers. 

In certain embodiments of the invention, it is desirable to form the reflective polymeric body to comprise at least 
500 layers. Increasing the number of layers in the polymeric body has been found to increase its reflectivity (i.e., the 
percentage of incident light reflected from the body). Thus, by controlling the number of layers, the degree of reflectivity 
of the article may be controlled. 

40 In some embodiments of the invention it may be desirable to incorporate coloring agents such as dyes or pigments 

into one or more of the individual layers of the polymeric body. This can be done to one or both of the outer or skin 
layers of the body, or alternatively, the coloring agent may be incorporated into one or more interior layers in the body 
The coloring agents may be selected to give the polymeric body a metallic appearance other than its normal silvery 
appearance such as bronze, copper, or gold, for example. 

45 Different colors such as black, blue, red, yellow, and white may also be used. Typically, it is most desirable to use 

pigmented coloring agents in the interior layers to provide opaqueness and a two-sided mirror-like reflective quality 
and to use dyes on exterior surface layers. Coloring agents may be used in combination to provide desirable coloring 
and optical properties. For example, a pigmented white coloring agent may be used in an interior surface while a 
colored dye, such as blue, yellow, red, or green may be included on one or more surface layers to provide a unique 

50 reflective colored effect. 

Further, while the normal surface of the body is smooth to give a highly reflective silver appearance, in some 
instances it may be desirable to give the surface of the body a roughened or brushed appearance to simulate a brushed 
metallic appearance. Further, a solvent may be used to etch the surface of the multilayer body to provide a matte or 
pewter look to the body. Additionally, the body may be embossed with a variety of patterns to provide desirable optical 

55 effects. 

The reflective polymeric body of the present invention may find several applications. In another embodiment of 
the invention, the reflective body may be fabricated as a mirror-like polymeric article. 

To provide the mirror-like quality to the article, one of the major surfaces includes a light absorbent layer, such as 

I 
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a layer of a black or other colored pigmenl. The light absorbent layer may be coextruded or applied as a lacquer or 
paint. Alternatively, increasing the number of individual layers to above 500 results in increased reflectance of incident 
light from the article resulting in a mirror-like quality In the article. 

The reflective polymeric body of the present invention may also be fabricated to appear mirror-like on all major 

5 surfaces by coextruding a light absorbing layer in the interior of the article. 

The reflective polymeric body of the present invention may also be fabricated to act as a birefringent light polarizer 
which polarizes a broad band of the electromagnetic spectmm. In a preferred embodiment, the difference in refractive 
index between the first and second polymeric materials is caused by selecting polymers having differing stress optical 
coefficients and then stretching those materials in a uniaxial direction to orient the polymeric materials. 

10 Because very thin optical layers can be used for some of the layers in the multilayer body, reflective films having 

overall thicknesses of 0.01 inches (0.25 mm) or less may be fabricated. Further, the use of very thin optical layers 
results in reflected images which are sharper and better focused than possible using only thickoptical films. Additionally 
the use of very thin optical layers permits the fabrication of a body using up to 80 percent or more by volume of one 
polymer (the thicker layers) with less than 20 percent by volume of a second polymer (the thinner layers). This results 

IS in a very strong laminate structure which approximates the physical properties of the single polymer 

Further, the use of the combination of thick and very thin optical layers results in a laminate which does not whiten 
or appear to craze when impacted. For example, in a typical thick ductile/very thin brittle combination such as polycar- 
bonate/polymethyl methacrylate, a multilayer stack of all optically thick layers will whiten under light impact. The 
thick/very thin combination of layers of the present invention do not exhibit crazing (although some crazing may occur, 

20 it is not visible to the eye) or whitening when impacted. 

Additionally, the multilayer reflective polymeric bodies of the present invention may be formed into a number of 
decorative and/or structural parts. The bodies may be formed by coextrusion techniques initially into sheets which may 
then be post formed. Such post forming operations may include thermoforming, vacuum forming, or pressure forming. 
Further, through the use of forming dies, the multilayer reflective body may be initially formed into a variety of useful 

25 shapes including profiles, tubes, parisons which can then be formed into blow-molded containers. 

Accordingly, it is an object of the present invention to provide a reflective polymeric body which can be fabricated 
into films, sheets, and a variety of parts, is post formable, and which has a uniformly reflective appearance. This, and 
other objects and advantages of the invention will become apparent from the following detailed description, the ac- 
companying drawing, and the appended claims. 

30 In order that the invention may be more readily understood, reference will now be made by example to the accom- 

panying drawings, in which figures 1a and lb show the relationship among percent reflection of light, difference in 
refractive index (AN), and number of layers for a two component system of polymers made in accordance with the 
present invention. The relationship holds tme for any two component system. Further, while the plot goes up to 5000 
layers and up to a refractive index difference of 0.15, it Is within the scope of the Invention to have polymeric bodies 

35 of greater than 5000 layers and/or refractive index differences of greater than 0. 1 5. 

The present invention provides a highly reflective multilayer polymeric body made up of from a hundred to several 
thousand alternating thick layers of polymers which differ from each other in refractive index. The reflective body may 
be made up entirely of optically thick layers. However, the use of optically very thin layers, in combination with optically 
thick layers, enables the formation of thinner films and sheets. Preferably, the individual layers which make up the 

40 multilayer body are substantially continuous. 

Thus, the multilayer reflective polymeric body of the present invention is made up of multiple optically thick layers, 
or a combination of optically thick and optically very thin layers, as opposed to the multilayer "thin film" articles of the 
prior art. For purposes of optical properties, i.e., reflectance and transmittance, a thin film can be described as a film 
thinner than one wavelength of light at which the film will be applied Thus, for films to be used in the visible wavelength 

45 band, a thin film is described in the literature as one whose thickness, D, is less than about 0.5 micrometer or whose 
optical thickness, ND (where N is the refractive index of the material) is less than about 0.7 micrometers. N^sicek, 
Optics of Thin Films (1960) at pages 100 and 139. 

Prior art thin film layer articles describe interference films which rely on the constructive optical interference of light 
to produce intense reflected coherent light in the visible, ultraviolet, or infrared portions of the electromagnetic spectrum 

50 according to the equation: 

Xm = (2/m) (N^D^ + NgDg). 

where Xm is the reflected wavelength in nanometers, and N2 are the refractive indices of the alternating polymers, 
and are the thickness of the respective layers of polymers in nanometers, and m is the order of reflection 
55 (m=:1,2,3,...). Each solution of the equation determines a wavelength at which an intense reflection, relative to sur- 
rounding regions, is expected. The intensity of the reflection is a function of the "f-ratio" where, 

f =:NiD/(N^Di +N2D2) 
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By proper selection o1 the f- ratio, one can exercise some degree of control over the intensity of reflection of the 
various higher order reflections. For example, first order visible reflections of blue (0.38 micrometer wavelength) to red 
(0.68 micrometer wavelength) can be obtained with layer optical thicknesses between 0.075 - 0.25 micrometers. Iri- 
descent films may also be designed to reflect visible light at higher order reflectances, although at lower intensities. 
5 As can be seen, such thin film polymeric bodies are strongly dependent upon film (and individual layer) thickness 

to determine reflected wavelength. Such thin films are extremely sensitive to thickness changes, and it is characteristic 
of such thin films to exhibit nonuniform streaks and spots of color. 

The multi layer bodies of the present invention do not display vivid iridescence. In fact, it is an important object of 
this invention specifically to avoid layer thicknesses which result in substantial iridescent color By the use of layers 
10 sufficiently thick, to avoid iridescence alone or in combination with layers too thin to cause iridescence, result in a 
reflection which is essentially silver and non-iridescent. This silvery appearance is due to higher order reflections from 
the thick layers being so closely spaced that the human eye perceives the reflection to be essentially non-iridescent. 

The optical thickness range which is avoided by the present invention is 

X/4 < nd < 5 Ay4 

where, X = approximately 0.38 micrometers, n = refractive index of the polymer, and d = physical thickness of the layer 
in micrometers. Thus, in the practice of the present invention, the substantial majority of the thick layers have an optical 
thickness (nd) of greater than 5 a/4, while the substantia! majority of the very thin layers have an optical thickness of 
less than )J4. 

20 Articles made in accordance with the present invention exhibit a uniform silvery reflective appearance, not the 

multicolored, iridescent appearance common to prior art thin film multilayer articles. Rather, the reflective characteristics 
of the multilayer bodies of the present invention are governed by the following equation: 

Rii(kr)/(1 +(k-1)r)x100, 

25 where R is the amount of reflected light (percent), k is the number of thick film layers, and r = [(N-i - N2)/(Nt + t^2)P- 
See Vasicek, Optics of Thin Films (1960) at pages 69-70. 

This equation indicates that the intensity of the reflected light is a function only of the respective refractive indices 
of the two polymer components and the total number of layer interfaces. This relationship contrasts greatly with that 
of prior thin film articles whose reflectivity is highly sensitive to layer thickness and angle of view. 

30 Thus, the reflected wavelength of tight from the multilayer polymeric body of the present invention is independent 

of both individual layer and total structure thickness over a wide processing range. Uniformity of reflection is inherent 
in the design of the body. Moreover, a gradient of layer thickness through the thickness of the body is neither detrimental 
nor advantageous to the appearance of the body as long as a substantial majority of the individual layers of the polymers 
maintains an optical thickness equal to or greater than about 0.45 micrometers or equal to or less than 0.09 micrometers. 

35 This again contrasts with prior thin film articles which reflect broad or narrow bandwidths depending upon layer thick- 
ness gradient. 

Thus, it is not necessary for all of the layers in the reflective polymeric bodies of the present invention to have 
optical thicknesses of 0.45 micrometers or greater or 0.09 micrometers or less. The preferred coextrusion process for 
fabricating the polymeric bodies of the present invention may introduce layer thickness variations both through the 

40 thickness of the body and in the plane of individual layers, \feiriation in layer thicknesses of each polymeric component 
can be as much as 300 percent or more. However, useful reflective bodies and articles may be made even with such 
wide variations as long as a substantial majority of the layers have an optical thickness of not more than 0.09 microm- 
eters or not less than 0.45 micrometers. With this condition met, there is an absence of visibly perceived interference 
colors reflected from bodies and articles of the present invention. 

45 The absence of the iridescent interference colors which characterize prior art thin films is somewhat subjective to 

the human eye. However, we have found that usually 75 percent of the layers in the body must have optical thicknesses 
greater than 0.45 micrometers or less than 0.09 micrometers to obtain the broad band, visually uniform reflectance of 
substantially all wavelengths (white light) which characterizes the present invention. A minority of 25 percent or fewer 
of the layers having optical thicknesses in the range of 0.1 to 0.45 micrometers have been found to have interference 

50 reflections of a sufficiently low intensity so that the body will have essentially no visibly perceived iridescence. 

The reflective polymenc bodies of the present invention become more highly reflective of incident light (i.e., transmit 
less light) as the number of layers is increased. Preferably, the number of layers is sufficient to produce an article which 
will reflect at least 30 percent of the incident light, for those wavelengths for which there is negligible absorption. 
Reflectances below about 30 percent are not sufficient to be readily observed. If it is desired to use the reflective 

55 polymeric body of the present invention as a mirror, adding additional layers will increase the reflectance of the body 
to 50 percent or higher to produce a silvery, mirror-like appearance. 

The reflectivity of the bodies is also dependent upon the difference in refractive index between the two polymers 
used. That is, the greater the difference in refractive index, the greater the reflectivity of the body. Accordingly, it can 



5 



• 



EP 0 404 463 B1 

be seen that the reflective nature of the polymeric bodies may be controlled by the selection of polymers having differing 
refractive indices and by fabricating the body to have additional layers. The relationship between percent reflection of 
light, difference in refractive index (AN) where the lower refractive index polymer was taken as a fixed value and the 
higher was varied to achieve a range of refractive index difference as shown in Figure lb. The number of layers of 

5 material is illustrated in Figures 1 a and 1 b for a two component system. 

The reflective multilayered polymeric bodies of the present invention may comprise alternating layers of a wide 
variety of generally transparent thermoplastic materials. Suitable thermoplastic resins, along with representative re- 
fractive indices, which may be used in the practice of the present invention include, but are not limited to: perfluoroalkoxy 
resins (refractive index - 1.35), polytetrafluoroethylene (1.35), fluorinated ethylene^ropylene copolymers (1.34), sili- 

10 cone resins (1.41), polyvinylidene fluoride (1.42), polychlorotrifluoroethylene (1.42), epoxy resins (1.45), poly(butyl 
acrylate) (1.46), poly(4-methylpentene-1) (1.46), poly(vinyl acetate) (1.47), ethyl cellulose (1.47),polyformaldehyde 

(1 .48) , polyisobutyl methacrylate (1 .48), polymethyl acrylate (1 .48), polypropyl methacrylate (1 .48), polyethyl methacr- 
ylate (1 .48), potyether block amide (1 .49), polymethyl methacrylate (1 .49), cellulose acetate (1 .49), cellulose propionate 

(1.49) , cellulose acetate butyrate (1.49), cellulose nitrate (1.49), polyvinyl butyral (1.49), polypropylene (1.49), poly- 
75 butylene (1 .50), ionomeric resins such as Surlyn (trademark) (1.51), low density polyethylene (1 .51 ), polyacrylonrtrile 

(1.51), polyisobutylene (1.51), thermoplastic polyesters such as Ecdel (trademark) (1.52), natural rubber (1.52), per- 
bunan (1.52), polybutadiene (1.52), nylon (1.53), potyacrylic imides (1.53), poly(vinyl chloro acetate) (1.54). polyvinyl 
chloride (1 .54), high density polyethylene (1 .54), copolymers of methyl methacrylate and styrene such as Zerlon (trade- 
mark) (1.54), transparent acrylonitrile-butadiene-styrene terpolymer (1.54), allyl diglycol resin (1 .55), blends of polyvi- 

20 nylidene chloride and polyvinyl chloride such as Saran resins (trademark) (1.55), polyalpha-methyl styrene (1.56), 
styrene-butadiene latexes such as Dow 512-K (trademark) (1.56), polyurethane (1.56), neoprene (1.56), copolymers 
of styrene and acrylonilrile such as Tyril resin (trademark) (1.57), copolymers of styrene and butadiene (1.57), poly- 
carbonate (1.59), other thermoplastic polyesters such as polyethylene terephthalate and polyethylene terephthalate 
glycol (1.60), polystyrene (1.60). polyimide (1.61), polyvinylidene chloride (1.61). polydichlorostyrene (1.62). polysul- 

25 tone (1 .63), polyether sulfone (1 .65), and polyetherimide (1 .66). The refractive indices reported above may vary some- 
what at different wavelengths. For example, the refractive index of polycarbonate is somewhat greater for light in the 
blue region of the spectrum and somewhat lower for light in the red region of the spectrum. 

Copolymers of the above resins are also useful such as ethylene and vinyl alcohol, styrene and hydroxy ethylacr- 
ylate, styrene and maleic anhydride, styrene-butadiene block copolymers, styrene and methylmethacrylate, and sty- 

30 rene and acrylic acid. Other useful polymeric materials include potyetheretherketones, polybutene, maleic anhydride 
grafted polyolefins such as Admer (available from Mitsui Chemicals) and Plexar (available from Quantum Chemicals), 
and copolymers of ethylene and vinyl acetate such as CXA (available from du Pont). The latter three polymers are 
particularly useful as adhesive layers to bond other polymeric layers together in the multilayer construction. 

A condition for the selection of the polymers to make up the alternating layers of the body is that the polymers 

35 selected have refractive indices which differ from each other by at least 0.03. Further, the polymers should be compatible 
in processing temperatures so that they may be readily coextruded. The combination of thick and very thin layers 
makes it possible to fabricate polymeric bodies which contain up to 80 percent or more by volume of a first polymer 
(the thick layers) and 20 percent or less by volume of a second polymer (the very thin layers). This may result in a 
multilayer structure which has properties similar to the first polymer alone. Further, the resulting laminate may form a 

40 structure stronger than would be possible using a combination of alternating thick layers alone. 

Multilayer bodies in accordance with the present invention are most advantageously prepared by employing a 
multilayered coextaision device as described in US-A-3,773,882 and US-A-3,884,606. Such a device provides a meth- 
od for preparing multilayered, simultaneously extruded thermoplastic materials, each of which are of a substantially 
uniform layer thickness. Preferably, a series of layer multiplying means as are described in US-A-3,759,647. 

4s The feedblock of the coextrusion device receives streams of the diverse thermoplastic polymeric materials from 

a source such as a heat plastifying extruder. The streams of resinous materials are passed to a mechanical manipulating 
section within the feedblock. This section serves to rearrange the original streams into a multilayered stream having 
the number of layers desired in the flnal body. Optionally, this multilayered stream may be subsequently passed through 
a series of layer multiplying means in order to further increase the number of layers in the final body 

50 The multilayered stream is then passed into an extrusion die which is so constructed and arranged that streamlined 

flow is maintained therein. Such an extrusion device is described in US-A-3,557,265. The resultant product is extruded 
to form a multilayered body in which each layer is generally parallel to the major surface of adjacent layers. The use 
of alternating thick and very thin layers decreases the tendency of the layers to intermix. 

The configuration of the extrusion die can vary and can be such as to reduce the thickness and dimensions of 

55 each of the layers. The precise degree of reduction in thickness of the layers delivered from the mechanical orienting 
section, the configuration of the die, and the amount of mechanical working of the body after extrusion are all factors 
which affect the thickness of the individual layers in the final body. It is necessary, however, that the optical thickness 
of a substantial majority of the individual layers of polymeric material be not more than 0.09 micrometers or not less 
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than 0.45 micrometers. 

Reflective polymeric bodies produced by the practice of the present invention may have a wide variety of potentially 
useful applications. For example, the bodies may be post formed into concave, convex, parabolic, half-silvered, etc. 
mirrors. If suitably flexible or rubbery polymers are utilized, the bodies may be bent or recoverably stretched into varying 
5 shapes. The mirror-like appearance may be accomplished by coextruding a black or otherwise light absorbing layer 
on one side of the body. Alternatively, one side of the final body may be coated with a colored paint or pigment to 
provide a highly reflective mirror-like body. Such mirrors would not be subject to breakage as would glass mirrors. 

In some embodiments of the invention it may be desirable to incorporate coloring agents such as dyes or pigments 
into one or more of the individual layers of the polymeric body This can be done to one or both of the outer or skin 
10 layers of the body, or alternatively, the coloring agent may be incorporated into one or more interior layers in the body. 
The coloring agents may be selected to give the polymeric body a metallic appearance other than its normal silvery 
appearance such as bronze, copper, or gold, for example. 

Different colors such as black; blue, red, yellow, and white, may also be used. Typically, it is most desirable to use 
pigmented coloring agents in the interior layers to provide opaqueness and a mirror^ike reflective quality and to use 
15 dyes on exterior surface layers. Coloring agents may be used in combination to provide desirable coloring and optical 
properties. For example, a pigmented white coloring agent may be used in an interior surface while a colored dye, 
such as blue, yellow, red, or green may be included on one or more surface layers to provide a unique reflective colored 
effect. 

Further, while the normal surface of the body is smooth to give a highly reflective silver appearance, in some 
20 instances it may be desirable to give the surface of the body a roughened or brushed appearance to simulate a brushed 
metallic appearance. Further, a solvent may be used to etch the surface of the multilayer body to provide a matte or 
pewter look to the body. Additionally, the body may be embossed with a variety of patterns to provide desirable optical 
effects. 

The reflective polymeric bodies may also be used as birefringent polarizers. Through proper selection of the pol- 

2S ymeric materials making up the layers, a refractive index mismatch in one plane of the polarizer may be achieved. In 
a preferred method, the refractive index mismatch may be created after fabrication of the reflective polymeric body 
The polymeric materials may be selected so that the first material has a positive stress optical coefficient and the 
second polymeric material has a negative stress optical coefficient. Stretching the body containing the two polymeric 
materials in a uniaxial direction causes them to orient and results in a refractive index mismatch in the plane of orien- 

30 tation to produce the polarizer. A broad band width of visible light 'passing through such bodies is polarized. This is in 
distinction to prior thin film multi layer polarizers which polarized only specific narrow wavelength ranges of light. 

Additionally, the highly reflective polymeric bodies may be fabricated as non-corroding metallic appearing articles 
for indoor or outdoor exposure. For example, the polymeric bodies may be fabricated into automotive parts such as 
covers for air filters or brake fluids, mud flaps, running boards, louvers, laminates applied to metals or plastics as a 

35 finish, mirrors, mirror housings, wheel covers, trim such as interior, exterior, adhesive backed pinstriping tape, and 
lamp bezels, body panels, ornaments, luggage racks, knobs, handles, dashboards, and nameplates logos. 

The parts may be formed by processes such as thermoforming, vacuum forming, shaping, rolling, or pressure 
forming. The bodies may also be formed into silvery or metallic appearing glasses, cups, trays, dishes, tower holders, 
toilet paper holders, pocket knife housings, compact mirrors (non -breakable), carnival fun-house mirrors, sequins, pet 

40 collars, shopping bags, Christmas tree decorations, wrapping paper, ribbons, boxes, reflectors, reflective clothing, and 
false fingernails. 

The reflective polymeric bodies may also be used in household and construction materials such as, for example, 
fences to reflect noise from patio/lawn area from the street nearby, and make the space appear larger, windows having 
selective light transmission, decorative tiles, bath tubs, shower stalls, shower doors, ceiling tiles, ceiling supports, 

45 handrails, moldings for windows, trim, door frames, and skylight frames, hardware, such as knobs, trim, and hinges, 
paneling, gutters, reflective tape lor gutters (such as for melting ice), fascia, spas, cabinets, flooring, roof tiles (to reflect 
heat off of a roof), fire protection sprinkler head skirts, mail boxes, garage doors, siding, and one-way mirrors. Other 
uses for the reflective polymeric bodies of the present invention include highway lane markers, on advertising, highway 
or warning signs, as road edge markers, as reflective posts where the entire post is reflective and bendable, as tem- 

£0 porary striping on the road surface to divide traffic lanes, or as pylons, on barricades, and on barriers. The reflective 
polymeric bodies may also be used as pinstriping (stick- on trim tape), trim moldings and parts, ornaments, rails, 
windows (privacy and solar reflecting), fenders (dock bumpers), door-way entry trim, buoys, trailer fenders, antennas, 
replacements for chrome plated hardware, boat hulls, canoes, sailboards, kneeboards. sails, surfboards, scuba gear, 
flash lamp reflector (for underwater photography), fishing lures, fishing poles, and nameplates and logos. 

55 A number of different profiles may be coextruded in addition to sheets and films of the reflective polymeric materials. 

By profiles, we mean shaping of the multilayer body 1 ) in a forming die into sheets, channels, lenticular cross^ections, 
round or elliptical tubes, and parisons, or 2) outside of a die by a post forming procedure. For example, decorative 
moldings such as wall moldings and picture frame moldings, automotive trim, and home siding may be readily coex- 
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truded through forming dies. Use of a tubular extrusion die produces a multilayered metallic appearing pipe. Such 
tubular dies may also be used to produce parisons which may then be blow molded into silvery appearing bottles and 
containers. Because the materials used in the construction of the body may be selected for given desired properlies, 
the final body may be flexible or rubbery, producing an article which could be used as a variable tocal length reflector 
s by flexing the article to diflerent degrees. 

The reflective polymeric bodies of the present invention may also be post formed into a wide variety of items such 
as two-way mirrors, black bodies for insulation, and solar intensrfiers to concentrate solar radiation. The bodies may 
also be formed into dinnerware, tableware, containers, and packages. By the proper selection of the polymers which 
were used, such articles may be made to be microwavable. 
10 Further, because of the use of very thin layers, the polymers of the present invention may be formed into films 

having a total thickness of 0.01 inches (0.25 mm) or less. Such reflective films could be used in applications which 
would exclude thicker sheets such as for reflective tape for clothing, reflective window shades, and craft where the 
reflective film can be easily cut with scissors by the user 

The use of alternating thick and very thin optical layers also provides a much more focused and sharper reflection 
IS from the surface of the polymeric body. This is due to the fact that the light rays reflected from the multiple layers are 
closer together, resulting in a sharper image as perceived by the eye. 

In order that the invention may be more readily understood, reference is made to the following Examples, which 
are intended to be illustrative of the invention, but are not intended to be limiting in scope. 

Example 1 

Employing an apparatus as generally described in US-A-3, 773,882 and US-A-3,759,647, a sheet of a reflective 
polymeric body was prepared. The sheet was approximately 0.05 inches (1 .3 mm) in thickness and had 657 alternating 
layers (ABABAB) of polycarbonate (Calibre 300-22, trademark of The Dow Chemical Company) and polymethyl meth- 

25 acrylate (Cyro Acrylite H1 5-003, trademark of Cyro Industries). A substantial majority of the layers in the final sheet 
had optical thicknesses of at least 0.45 micrometers. The refractive index of the polycarbonate(PC) was 1.586, while 
the refractive index of the polymethylmethacrylate (PMMA) was 1 .49. 

The polycarbonate and polymethyl methacrylate materials were heat plastifled in extruders maintained at between 
500 and 520 degrees F (260^* and 270°C) and fed to a feedblock at a rate of about 20 pounds per hour (9 kg/hr) to 

30 produce the multilayered core of the construction. Another extruder supplied outer skin layers of polycarbonate to the 
sheet at the rate of about 10 Ib/hr (4.5 kg/hr). The resulting construction was spread in a coat hanger style die (width 
= 16 inches (410 mm), die gap = 0.05 inches (1 .3 mm)) and cooled on athree roll sheet stack in an "S-rap" configuration. 

Portions of the sheet were then thermoformed into various shapes such as reflective lenses, eating utensils, au- 
tomotive emblems, and other items of complex geometry. Some of the shaped items were further enhanced by spray 

35 painting one side thereof a flat black color. This resulted in an intense silvery mirror-like appearance when the item 
was viewed from the opposite side. Additional portions of the sheet were stacked in seven plies and then heated under 
pressure to obtain an article having an even greater number of layers (i.e., 7 X657). This resulted in a highly reflective 
article which required no painting with a black color to obtain a silvery, mirror-like appearance. 

40 Example 2 

Using the same apparatus and polymers as in Example 1 , a reflective multilayer body having 1 31 3 alternating core 
layers was coextruded. The polycarbonate was fed to the extrusion die at a rate of about 32.5 Ib/hr (14.7 kg/hr) and 
the polymethyl methacrylate was fed a rate of about 1 7.5 Ib/hr (7.9 kg/hr). Polycarbonate skin layers were fed at a rate 
45 of sabout 1 2.5 Ib/hr (5.7 kg/hr). A reflective sheet was produced in which at least 75 percent of the layers had an optical 
thickness of at least 0.45 micrometers. No iridescent color was observed. 

Example 3 

50 Using the same apparatus and polymers as in Example 1 , a reflective multilayer body having 1 31 3 alternating core 

layers was coextruded. The polycarbonate was fed to the extrusion die at a rate of about 42.5 Ib/hr (19.3 kg/hr) and 
the polymethyl methacrylate was fed a rate of about 7.5 Ib/hr (3.4 kg/hr). Polycarbonate skin layers were fed at a rate 
of about 12.5 Ib/hr (5.7 kg/hr). A reflective sheet was produced in which a substantial majority of the layers had an 
optical thickness of at least 0.45 micrometers. No iridescent color was observed. 

55 

Example 4 

Three component reflective polymeric bodies having an ABCBA repeating layer pattern were produced using: as 
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the "A" layer, Dow Styron 685D polystyrene (specific gravity 1 .04; refractive index 1 .586); as the "B" layer, Richardson 
RPC-440 styrenemethylmethacrylate copolymer (specific gravity 1.13; retractive index 1 .53); and as the "C" layer, Cyro 
Acrylite H1 5-003 polymethyl methacrylate (specific gravity 1.20; refractive index 1.49). The reflective body had 1313 
layers of approximately equal average thickness (i.e., each of the layers A:B:C:B made up 25 percent of the core). 
5 Mass flow rates to the extruders was 9.3 Ib/hr (4.2 kg/hr) for the polystyrene (PS). 21 .0 Ib/hr (9.5 kg/hr) for the styrene- 
methylmethacrylate copolymer (SMMA), and 11 .7 Ib/hr (5.3 kg/hr) for the polymethyl methacrylate (PMMA). The body 
included a skin layer of polystyrene (Dow Styron 6B5D) extruded at a mass flow rate of approximately 12.0 Ib/hr (5.4 
kg/hr). A reflective sheet was produced in which a substantial majority of the layers had an optical thickness of at least 
0.45 micrometers. No iridescent color was observed. 

10 

Example 5 

A three component reflective body was produced as in Example 4 except that the layer thickness ratio was 33: 
16.7:33:16.7 (A:B:C:B percent of the total core layers). Extruder rates of 16.7 Ib/hr (7.6 kg/hr) for the PS, 15.0 Ib/hr 
^5 (6.8 kg/hr) for the SMMA, and 1 6.0 Ib/hr (7.3 kg/hr) for the PMMA were used. A reflective sheet was produced in which 
a substantial majority of the layers had an optical thickness of at least 0.45 micrometers. No iridescent color was 
observed. 

Example 6 

20 

A three component reflective body was produced as in Example 4 except that the layer thickness ratio was 41 .0: 
8.6:41 .8:8.6 (A:B:C:B percent of the total core layers). Extruder rates of 25.6 Ib/hr (11 .6 kg/hr) for the PS, 22.0 Ib/hr 
(10 kg/hr) for the SMMA, and 30.0 (13.6 kg/hr) Ib/hr for the PMMA were used. A reflective sheet was produced in which 
a substantial majority of the layers had an optical thickness of at least 0.45 micrometers. No iridescent color was 
25 observed. 

Example 7 

In order to determine at what point thin layer optical thickness interference effects become pronounced, each of 
30 the reflective samples prepared in Examples 1 - 6 above were tested by heating and stretching them through iridescence 
to the point of transparency. All of the samples were then visually inspected and measured to determine: 1 ) total sample 
thickness at which a first order reflected blue band was observed, and 2) total sample thickness at which little color 
was observed and the sample displayed substantially uniform silvery reflectance. Average individual layer thickness 
for each component was then calculated from known relative compositions of the core and skin layers as measured 
35 by microscopy. 

The calculated thicknesses were then multiplied by the respective refractive indices of the components to obtain 
values for optical thickness. The results are compared to theoretically calculated optical thickness in Table I below. 

40 



45 
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X1 = 2 X (sum of optical thicknesses of optical repeat unit components) 
where, X^ = visible blue = 0.38 micrometers, and sum of optica! thicknesses = N^D^ + N2D2 for PC:PMMA and 

= N,D, + N2D2 + N3D3 + N2D2 for 
PS:SMMA:PMMA:SMMA Fifth order band theoretical was calculated by: 
5 5(X/4) = optical thickness of minor component where, 0.38 micrometers < A. < 0.68 micrometers. 

Referring to Table I, it can be seen that there is very good agreement between theoretical and measured optical 
thicknesses for first order blue reflections and optical thicknesses are in the general range taught by prior art thin layer 
iridescent film patents. The measured opticalthicknesses of the transition from very faint iridescent color to substantially 
uniform reflectance of all wavelengths was found to occur when the average optical thickness of the minor component 
10 was greater than 0.45 micrometers. Disappearance of faint iridescent color correlates very well with the theoretical 
optical thickness range of the minor component for the fifth order band (0.45 to 0.85 micrometers) as shown in Table 1. 

Example B 

Employing an apparatus as generally described in US-A-3,773,B82 and US-A-3,759,647, a sheet of a reflective 
polymeric body having alternating thick and very thin layers was prepared. The sheet had 657 alternating layers 
(ABABAB) of polycarbonate (Calibre 300-22, trademark of Dow Chemical Company) and polymethyl methacrylate 
(Cyro Acrylite H1 5-002, trademark of Cyro Industries) and two outer skin layers of the polycarbonate. The polycarbonate 
was used to form the optically thick layers and made up about 92.3 percent by weight of the sheet, while the polymethyl 

20 methacrylate was used to form the optically very thin layers and made up only about 7.7 percent by weight of the sheet. 

A substantial majority of the optically thick polycarbonate layers in the final sheet had optical thicknesses of at 
least 0.45 micrometers, and a substantial majority of the optically very thin layers of polymethyl methacrylate had 
optical thicknesses of 0.09 micrometers or less. The refractive index of the polycarbonate (PC) was 1 .586, while the 
refractive index of the polymethyl methacrylate (PMMA) was 1.49. 

25 The polycarbonate and polymethyl methacrylate materials were heat plastified in extruders maintained at between 

500 to 520 degrees F (260* to 270'*C) and fed to a feedblock from separate extruders. The polycarbonate was fed 
from two separate extruders at rates of 22.8 (10.3 g/hr) and 27.4 Ib/hr (12.4 kg/hr), respectively, and the polymethyl 
methacrylate was fed from a third extruder at a rate of 4.2 Ib/hr (1.9 kg/hr), to produce the multilayered core of the 
construction. Another extruder supplied outer skin layers of polycarbonate to the sheet at the rate of 11.5 Ib/hr (5.2 

30 kg/hr). The resulting sheet reflected substantially white light and appeared silvery; no Iridescent color was observed. 

Example 9 

Using the same apparatus as in Example 8, a reflective multilayer body having 657 alternating core layers of 
35 polycarbonate and polymethyl methacrylate and two outer skin layers of polycarbonate was coextruded. The polycar- 
bonate was Calibre 200-22, trademark of The Dow Chemical Company and the polymethyl methacrylate was Cyro 
Acrylite H 15-002, trademark of Cyro Industries. The polycarbonate was used to form the optically thick layers and 
made up 95.3 percent by weight of the sheet including cap layers, while the polymethyl methacrylate was used to form 
the optically very thin layers and made up only about 4.7 percent by weight of the sheet. 
40 A substantial majority of the optically thick polycarbonate layers in the final sheet had optical thicknesses of at 

least 0.45 micrometers, and a substantial majority of the optically very thin layers of polymethyl methacrylate had 
optical thicknesses of 0.09 micrometers or less. The refractive index of the polycarbonate (PC) was 1 .586, while the 
refractive index of the polymethyl methacrylate (PMMA) was 1.49. 

The polycarbonate and polymethyl methacrylate materials were heat plastified in extruders maintained at between 
45 500 and 520 degrees F (260 and 270**C) and fed to a feedblock from separate extruders. The polycarbonate was fed 
from two separate extruders at rates of 40.0 Ib/hr (18.1 kg/hr), and the polymethyl methacrylate was fed from a third 
extruder at a rate of 4.4 Ib/hr (2.0 kg/hr), to produce the multilayered core of the construction. Another extruder supplied 
outer skin layers of polycarbonate to the sheet at the rate of 9.0 Ib/hr (4.1 kg/hr). The resulting sheet reflected sub- 
stantially white light and appeared silvery; no iridescent color was observed. 

50 

Claims 

1. A reflective polymeric body of at least first and second diverse polymeric materials and having a plurality of atter- 
55 nating layers of said first and second polymeric materials differing from each other in refractive index by at least 

0.03, characterised in that at least 75 percent of the individual layers of said body have an optical thickness which 
is either not more than 0.09 micrometers or not less than 0.45 micrometers, with at least one of the individual 
layers having an optical thickness not less than 0.45 micrometers, and the number of said alternating layers is 
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such that substantially no visible iridescence can be perceived in the light reflected, by the body. 

2. A reflective pofymeric body as claimed in Claim 1, wherein at least 30 percent of light Incident on said body is 
reflected. 

5 

3. A reflective polymeric body as claimed in Claim 1 or Claim 2, wherein at least 75 percent of said layers have an 
optical thickness of at least 0.45 micrometers and a majority of the remaining layers have an optical thickness of 
0.09 micrometers or less. 

10 4, A reflective polymeric body as claimed in any one of the preceding claims, wherein at least 80 volume percent of 
the combined volume of said first and second polymeric materials constituting said atternating layers is provided 
by the optically thicker layers, and the balance is provided by the optically thinner layers. 

5. A reflective polymeric body as claimed in any one of the preceding claims, wherein said first polymeric material is 
15 polycarbonate or rigid polyurethane and said second polymeric material is polymethyl methacrylate. 

6. A reflective polymeric body as claimed in any one of Claims 1 to 4, wherein said first polymeric material is a flexible 
polyurethane and said second polymeric material is a potyether amide. 

20 7. A reflective polymeric body as claimed in any one of Claims 1 to 4, wherein said first and second polymeric materials 
are elastomers. 

8. A reflective polymeric body as claimed in any one of the preceding claims, comprising first (A), second (B), and 
third (C) diverse polymeric materials in alternating layers in a pattern ABCBA. 

25 

9. A reflective polymeric body as claimed in Claim 8, wherein said first polymeric material is polystyrene, said second 
polymeric material is a styrene hydroxy ethylacrylate copolymer, and said third polymeric material is polymethyl 
methacrylate. 

30 10. A reflective polymeric body as claimed in any one of the preceding claims, wherein a coloring agent Is incorporated 
into at least one layer of said polymeric body. 

11. A reflective polymeric body as claimed in any one of the preceding claims, comprising a barrier layer as either an 
exterior or interior layer of said body. 

35 

12. A reflective polymeric body as claimed in any one of the preceding claims, wherein said polymeric body is in the 
form of a mirror. 

1 3. A reflective polymeric body as claimed in Claims 1 to 1 1 , wherein said polymeric body is constituted by a birefringent 
40 polarizer, and wherein said first and second polymeric materials differ from each other in refractive index by at 

least 0.03 in one plane of the polarizer 

14. A reflective polymeric body as claimed in Claim 13, wherein the difference in refractive index between said first 
and second polymeric materials is caused by stretching said materials in a uniaxial direction to orient said polymeric 

45 materials. 

15. A reflective polymeric body as claimed in any one of the preceding claims, wherein said body comprises at least 
100 layers. 

50 16. A reflective polymeric body as claimed in any one of the preceding claims, wherein said body comprises at least 
500 layers. 

17. A reflective body as claimed in any one of the preceding claims in the form of a shaped article. 
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Patentanspruche 

1. Ein reflektierender polymerer Korper aus wenigstens einem ersten und davon unterschiedlichen zweiten polyme- 
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ren Material mit einer Mehrzahl von altemierenden Schichten dieses ersten und zweiten polymeren Materials, die 
sich im Brechungsindex um wenigstens 0,03 unterscheiden. 

dadurch gekennzeichnet, 

5 da3 wenigstens 75% der einzelnen Schichten dieses Korpers eine optische Dicke autweisen, die entweder 

nicht groOer als 0,09 oder nicht geringer als 0,45 \im ist, wobei wenigstens eine der einzelnen Schichten 
eine optische Dicke von nicht weniger als 0,45 [xm aufweist und die Zahl dieser altemierenden Schichten so 
ist, daf5 im wesentlichen keine sichtbare Irisierung in dem von denn Korper reflektieren Licht wahrgenommen 
werden kann. 

10 

2. Ein reflektierende polymerer Korper nach Anspruch 1 , 

dadurch gekennzeichnet, 

da(5 wenigstens 30% des auf diesen Korper auftretTenden Lichtes reflektiert wird. 

75 

3. Ein reflektierender polymerer Korper nach Anspruch 1 Oder 2, 

dadurch gekennzeichnet, 

daB wenigstens 75% dieser Schichten eine optische Dicke von wenigstens 0,45 jim aufweisen und eine Mehr- 
20 heit der verbleibenden Schichten eine optische Dicke von 0.09 |im oder wentger aufweist. 

4. Ein reflektierender polymerer Korper nach einem der vorstehenden AnsprOche, 

dadurch gekennzeichnet, 

25 daB wenigstens 80 Vol.-% des Gesamtvolumens dieses ersten und zweiten polymeren Materials, die diese 

altemierenden Schichten aufbauen, durch die optisch dickeren Schichten und der Rest durch die optisch dun- 
neren Schichten bereitgestellt wird, 

5. Ein reflektierender polymerer Korper nach einem der vorstehenden Anspruche 

30 

dadurch gekennzeichnet, 

daB dieses erste polymere Material Pofycarbonat oder starres Polyurethan ist und dieses zweite polymere 
Material Polymethylmethacrylat ist. 

35 6. Ein reflektierender polymerer Korper nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, 

daB dieses erste polymere Material ein flexibles Polyurethan ist und dieses zweite polymere Material ein Po- 
lyetheramid ist. 

40 

7. Ein reflektierender polymerer Korper nach einem der Anspruche 1 bis 4, 

dadurch gekennzeichnet, 

daB dieses erste und zweite polymere Material Elastomere sind. 

45 

8. Ein reflektierender polymerer Korper nach einem der vorstehenden Anspruche, der erstens (A), zweitens (B) und 
drittens (C) unterschiedliche polymere Materialien in altemierenden Schichten in einem Muster ABCBA enthalt. 

9. Ein reflektierender polymerer Korper nach Anspruch 8, 

so 

dadurch gekennzeichnet, 

daB dieses erste polymere Material Polystyrol ist, dieses zweite polymere Material ein Styrolhydroxyethylacry- 
latcopolymer ist und dieses dritte polymere Material Polymethylmethacrylat ist 

55 10. Ein reflektierender polymerer Korper nach einem der vorstehenden Anspruche, 

dadurch gekennzeichnet, 

daB ein Farbemittel in wenigstens eine Schicht dieses polymeren Korpers eingebracht ist. 
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11. Ein reflektierender polymerer Korper nach einem der vorstehenden Anspruche, der eine Barriereschicht als ent- 
weder au3ere oder innere Schicht dieses Korpers enthalt. 

12. Ein reflektierender polymerer Korper nach einem der vorstehenden Anspruche, 

5 

dadurch gekennzelchnet, 

da3 dieser polymere Korper in Form eines Sptegels vorliegt. 

13. Ein reflektierender polymerer Korper nach einem der Anspruche 1 bis 11, 

10 

dadurch gekennzeichnet, 

da3 dieser polymere Korper aus einem doppetbrechenden Polarisator aufgebaut ist und worin diese ersten 
und zweiten polymeren IVIaterialien sich voneinander im Brechungsindex um wenigstens 6,03 in einer Ebene 
des Polarisators unterscheiden. 

IS 

14. Ein reflektierender polymerer Korper nach Anspruch 13, 

dadurch gekennzelchnet, 

daf5 der Unterschied im Brechungsindex zwischen diesen ersten und zweiten polymeren Materialien durch 
20 Strecken dieser Materialien in einer uniaxialen Richtung, um diese Polymerstofle auszurichten, erzeugt wird. 

15. Ein reflektierender polymerer Korper nach einem der vorstehenden Anspruche, 

dadurch gekennzeichnet, 

25 daB dieser Korper wenigstens 100 Schichten enthalt. 

16. Ein reflektierender polymerer Korper nach einem der vorstehenden Anspruche, 

dadurch gekennzelchnet, 

30 daB dieser Korper wenigstens 500 Schichten enthalt. 

17. Ein reflektierender Korper nach einem der vorstehenden Anspruche in der Form eines geformten Gegenstandes. 



3S Revendications 

1 . Corps polymere reflechissant constitue d'au moins une premiere et une deuxieme matieres polymeres differentes 
et comportant une plurality de couches altern6es desdites premiere et deuxieme mati6res polym6res dont les 
indices de refraction different I'un de I'autre d'au moins 0,03, caracterise en ce qu'au moins 75 pour-cent des 

40 couches individuelles dudit corps ont une 6paisseur totale qui, soit, ne d6passe pas 0,09 pm, soit n'est pas inf6- 

rieure a 0,45 ^im, au moins une des couches individuelles ayant une epaisseur optique non inferieure a 0,45 |j.m, 
et le nombre desdites couches altem6es est tel qu'essentiellement aucune iridescence visible ne puisse 6tre per- 
due dans la lumiere reflechie par le corps. 

2. Corps polymere reflechissant selon la revendication 1 . dans lequel au moins 30 pour-cent de la lumiere incidente 
sur ledit corps sont reflechis. 

3. Corps polymere reflechissant selon Tune des revendications 1 ou 2, dans lequel au moins 75 pour-cent desdites 
couches ont une 6paisseur optique d*au moins 0,45 |im et une majority des couches restantes a une Epaisseur 

50 optique de 0,09 |im ou moins. 

4. Corps polymere reflechissant selon Tune des revendications precedentes, dans lequel au moins 80 pour-cent en 
volume du volume combine desdites premiere et deuxifeme matidres polymferes constituant lesdites couches al- 
ternees sont fournis par les couches optiquement plus epaisses, et le complement est fourni par les couches 

55 optiquement plus minces. 

5. Corps polymere reflechissant selon Tune des revendications precedentes, dans lequel ladite premiere matiere 
polymere est du polycarbonate ou du polyurethanne rigide et ladite deuxieme matiere polymere est du poly(me- 
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thacrylate de m^thyle). 

6. Corps polymere reflechissant selon I'une des revendications 1 ^ 4, dans lequel ladite premiere matiere polymere 
est un polyur^thanne flexible et ladite deuxidme matiere polymere est un poly^theramide. 

s 

7. Corps polymere reflechissant selon Tune des revendications 1^4, dans lequel lesdites premiere et deuxieme 
matieres polymeres sont des elastomeres. 

8. Corps polymere reflechissant selon I'une des revendications precedentes^ comprenant une premiere matiere po- 
10 lymdre (A), une deuxieme matidre polymere (B) et une troisifeme matiere polymere (C), ces polymferes 6tant dif- 

ferents et disposes en couches altern^es selon un motif ABCBA. 

9. Corps polymere reflechissant selon la revendication 8, dans lequel ladite premiere matiere polymere est du po- 
lystyrene, ladite deuxieme matiere polymere est un copolymere slyrene/hydroxyethylacrylate et ladite troisieme 

15 matiere polymere est du poly(methacrylate de methyle). 

10. Corps polymere reflechissant selon I'une des revendications pr6cedentes, dans lequel un agent colorant est in- 
corpore dans au moins une couche dudit corps polymere. 

20 11. Corps polymere reflechissant selon I'une des revendications precedentes, comprenant une couche barriere sous 
la forme d'une couche soit exterieure, soit interieure dudit corps. 

12. Corps polymere reflechissant selon I'une des revendications precedentes, dans lequel ledit corps polymere est 
sous forme de miroir. 

25 

13. Corps polym6re r6fl6chissant selon les revendications 1 ^ 11, dans lequel ledit corps polymfere constrtue un po- 
lariseur birefringent, et dans lequel lesdites premiere et deuxieme matieres polymeres ont un indice de refraction 
diff^rant d*au moins 0.03 dans un plan du polariseur. 

30 14. Corps polymfere r6fl6chissant selon la revendication 1 3, dans lequel la difference des indices de r6fraction desdites 
premiere et deuxieme matieres polymeres est fabriquee par retirement desdites matieres dans une direction 
uniaxials pour orienter lesdites matieres polymeres. 

15. Corps polymere reflechissant selon I'une des revendications precedentes, dans lequel ledit corps comprend au 
35 moins 100 couches. 

16. Corps polymdre reflechissant selon I'une des revendications precedentes, dans lequel ledit corps comprend au 
moins 500 couches. 

<o 17, Corps reflechissant selon I'une des revendications precedentes sous forme d'un article fa^onne. 
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